metals. Most of the severe corrosion problems encountered involve the mineral acids or their derivatives. Use of inhibitors is one of the most practical methods for protection against corrosion especially in acid solution to prevent metal dissolution and acid consumption. [11] . When compared to other mineral acids, methane sulphonic acid is usually described as a "green acid" due to its environmental advantages [12, 13] . Methane Sulphonic Acid is a colourless liquid with the chemical formula CH 3 SO 3 H. M S A may be considered as intermediate compound between sulphuric acid and methyl sulfonyl methane, effectively replacing an -OH group with a -CH 3 group at each step. MSA is a strong organic acid with pka=-1.9[14] with low tendency to oxidize organic compounds. MSA is far less corrosive and toxic than usual mineral acids employed industrial processes [15] . MSA is biodegradable within 28 days, only carbon-di-oxide and sulphates being formed [16] and it is recyclable up to 80%. It is environmentally advantageous electrolyte. There is several manufacturing process. In the chloro oxidation process (the conventional one, developed by pennwalt corporation in 1967 [17] ), methane thiol is oxidized by chlorine to form methane sulphonyl chloride, which is then to be hydrolyzed to form MSA with HCl.
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Compounds typically contain nitrogen, oxygen or sulphur in a conjugated system and function via adsorption of the molecules on the metal surface creating a barrier to corrodent attack. The adsorption bond strength is dependent on the composition of the metal and corrodent inhibitor structure and concentration as well as temperature. Despite the broad spectrum of organic compounds, the choice of appropriate is restricted by several factors. Most of the acid inhibitors are organic compounds contain nitrogen [18] [19] [20] , oxygen [21] [22] [23] [24] , phosphorous [25] and sulphur [26] [27] .
The purpose of the present work is to prove the corrosive nature of msa is far less than sulphuric acid and to study the inhibitive action of thiourea on aluminium in 1 M MSA using
Abstract
Many industries are replacing highly corrosive sulphuric acid, fluoroboric acid and fluorosilicic acid by MSA as environmentally superior alternatives to the currently used systems. In present study the rate of corrosion on aluminium in Sulphuric acid and Methane sulphonic acid was comparatively studied. The results show that methane sulphonic acid is far less corrosive than sulphuric acid. The inhibition of aluminium in methane sulphonic acid in the presence of thiourea has also been evaluated by weight loss techniques and temperature effects. Values of inhibition efficiency obtained are dependent upon the concentration of inhibitor and temperature. The experimental data are complied with Temkins Adsorption isotherm and SEM studies are carried out on the corroded surface.
Introduction
The corrosion behaviour of amorphous metallic alloys is important property to understand their chemical stability against corrosive environment. Corrosion has the tendency to degrade the useful properties of materials and structure including strength, appearance and permeability to liquids and gases. Corrosion is also defined as the deterioration of a material, usually a metal, because of a reaction with its environment. It depends on a natural phenomenon that occurs over time, an electrochemical reaction (on metals) and also happens at different rates with different metals and in different environments. Corrosion control can be achieved by the use of inhibitors [1] . This phenomenon necessitates the continuous search for better corrosion inhibitors due to vast differences in the media encountered in industry which remains a focal point in corrosion control as inhibitors slow down the corrosion process on metals. A number of organic compounds [2] [3] [4] [5] [6] [7] [8] [9] [10] are known to be applicable as corrosion inhibitors for aluminium in acidic environment. Usually, acid solutions are generally used for the removal of undesirable scale and rust in several industrial processes. Acids are widely used in the pickling process of 
Where W 1 and W 2 are weight losses in acids without and with the inhibitor respectively
Kinetic of corrosion and thermodynamic activation parameters
In order to study the effect of temperature on the inhibition efficiencies of thio-urea, the experiment was carried out in the temperature 293K & 323K in the absence and presence of inhibitor at different concentration. The data obtained suggests that thio-urea get adsorbed on the surface of aluminium at all temperature and corrosion rates were increased in the absence and presence on inhibitor with increasing in temperature in 1M MSA solutions. In acidic media, corrosion of metal is generally accompanied with evolution of H 2 gas; rise in temperature usually accelerates the corrosion reactions which results in higher dissolution rate of metal. Two main types of interaction often describe adsorption of organic inhibitors corroding system are physical and chemical adsorption. It has been suggested [29] [30] that physisorbed molecules are attached to the metal at the cathodes and essentially retard metal dissolution by stifling the cathodic reaction where as chemisorbed molecules protect anodic areas to reduce the inherent reactivity of the metal at the sites where they attacked. The apparent activation energy E a for aluminium dissolution in 1 M MSA solution in the absence and presence of inhibitor thio-urea was calculated from Arrhenius equation. [31] Log r
Where r 1 and r 2 are the corrosion rates at temperature T 1 and T 2 respectively
The heat of adsorption (Q ads ) was obtained from the trend of surface coverage with temperature as follows [32] .
Where θ 1 and θ 2 are degree of surface coverage at temperatures T 1 and T 2 , R is the gas constant.
Adsorption isotherm
Adsorption isotherm is very important in understanding the mechanism of inhibition of corrosion reactions. The most frequently used adsorption isotherms are Frumkin, Temkin, Freundlich, Florry Huggins, Bockris-Swinkel, El-Awardy and Langmuir isotherms. All these isotherms can be represented as follows,
Where f (θ, x) is the configuration factor which depends upon the physical model and the assumptions underlying the derivation of the isotherm, θ is the degree of surface coverage, C is the inhibitor concentration in the electrolyte, x is the ratio, a is the molecular interaction parameter and k is the equilibirium weight loss techniques and thermometric method. In addition adsorption isotherm will be investigated. Inhibited metallic surface are examined by using scanning electron microscope.
Experimental Section Specimen preparation
Aluminium metal with purity 98.5% was used in the present study. Each sheet was 0.1 cm in thickness and was mechanically press cut into 5cm X 2.5 cm coupons. Each specimens were ground manually under a stream of water starting with 400 grit sic paper and continued and with 800, 1000, 1200 grit papers. Between each paper change, the sample was rinsed with distilled water to remove the particles arising during grinding. Each sample was ground in one direction until all imperfections were removed and the surface was covered with a uniform pattern of scratches. The polishing procedures were repeated until to achieve a mirror finish. After polishing, the samples were degreased by washing with ethanol, dried in acetone and preserved in a desiccator. Described procedure was used for the preparation of samples for the electrochemical and immersion tests as well as for the surface analysis. All reagents used for the study were analar grade and double distilled water was used for their preparation.
Preparation of different composition of MSA, Sulphuric acid and Inhibitor
The solutions used were made of analar grade sulphuric acid and methane sulphonic acid. Appropriate concentrations of acids were prepared by using triple distilled water. The various concentration of 0.1N, 0.5N, 1.0N, 1.5N, 2.0N was prepared for both sulphuric acid and MSA. Thio-urea provided by Merck was used as inhibitor. The concentration range of employed inhibitor was 100 -400 ppm in 1M MSA.
Weight loss method
Non-electrochemically, the rate of corrosion can be determined by conventional weight loss technique method. Using this technique, the loss of a metal due to corrosion is measured by exposing the metal specimen of known area to the corrosive environment for a particular period and finding the difference in weight before and after exposure. The cleaned and dried aluminium coupons were weighed and suspended with the aid of glass hook in a beaker contain 100 ml of 1M MSA solution with and without different doses of thiourea concentration ranged from 100-400 ppm. The coupons were taken out of the test solution after 12 hours, washed in 70% nitric acid to remove the corrosive product using bristle brush, rinsed with distilled water, dried and reweighed. From the initial and final weight, the loss in weights was calculated. Corrosion rate and inhibition efficiencies were calculated by using the formula: 
constant of the adsorption process. So it is necessary to determine empirically which isotherm fits best to the adsorption of inhibitor on the aluminium surface.
Scanning Electron Microscopy
A Scanning Electron Microscope is a type of electron microscope that produces images of a sample by scanning it with a focused beam of electrons. The electrons interact with atoms in the sample, producing various signals that can be detected and that contain information about the sample's surface topography and composition. The electron beam is generally scanned in a raster scan pattern, and the beam's position is combined with the detected signal to produce an image. SEM can achieve resolution better than 1 nanometer. Specimens can be observed in high vacuum, in low vacuum, in wet conditions and at wide range of cryogenic or elevated temperature. The most common mode of detection is by secondary electrons, emitted by atoms excited by the electron beam. On a flat surface, the plume of the secondary electrons is mostly contained by the sample, but on a tilted surface, the plume is partially exposed and more electrons are emitted. By scanning the sample and detecting the secondary electrons, an image displaying the topography of the surface is created.
For SEM analysis the aluminium specimens were immersed for 12 hours in 1M MSA solution under stationary conditions. At the end of treatment the specimens were taken from the solutions, rinsed with deionised water and dried under a stream of nitrogen gas. Surface morphology was inspected and analyzed with a scanning electron microscope.
Results and Discussion

Weight loss consideration
The weight losses for aluminium in various concentrations of sulphuric acid and MSA were determined for 3 days at 24 hours intervals. The results obtained are presented in table 1. It shows that the corrosion rate increases as the concentration of both the acids and the immersion period is increased. From the figure 1, it is clear that MSA is less corrosive than sulphuric acid on the aluminium metal at all concentration. Similarly, it was observed that thiourea inhibits the corrosion of aluminium in 1M MSA solution at all concentration used in study from 100 to 400 ppm. Maximum inhibition efficiency was shown at 300 ppm and it reached 78%. It is evident from Table 2 , that the corrosion rate is decreased with increasing the concentration of thiourea.
The results suggests that the increase the efficiency with increasing in inhibitor concentrations because of increase the number of molecules adsorbed on the aluminium surface and reduce the surface area that is available for the direct acid attack of the metal surface [33] .
Effect of Temperature
A decrease the inhibition efficiency with rise in temperature with analogous increase in corrosion activation energy in the presence of inhibitor compared to its absence is frequently interpreted that the formation of an adsorption film of physical nature. The effect corresponding to an increase in inhibition efficiency with rise in temperature and lower the activation energy in the presence of inhibitor suggest a chemisorptions mechanism. From the foregoing, the trend for the thiourea inhibitor suggests a predominant effect physisorption of inhibiting species on aluminium in 1 M MSA It is also evident that Q ads values are negative ranged from -0.195 to -0.413 KJ mol -1 .The negative Q ads values show that the physical adsorption and inhibition efficiency decreases with rise in temperature.
Adsorption considerations
The adsorption of an organic molecule on the aluminium surface is regarded as a substitution reaction between the organic inhibitor in the aqueous phase ( I aq ) and the water molecules adsorbed on the aluminium surface aluminium surface (H 2 Oaq ) [34, 35] .
Where x is the size ratio of the number of molecules replaced by the adsorbed molecules However, the adsorption of these organic molecules at the metal/solution interface may take place via four different routes: Due to adsorption, inhibitor molecules block the active sites and reduce the rate of corrosion reaction by hindering the diffusion of corrosive species or increasing the anodic and cathodic behaviour of the a l u m i n i u m s u r f a c e or increasing the resistance of the aluminium surface. Inhibition efficiency depends on several factors, such as number of adsorption sites, inhibitor molecular size and concentration as well as mode of interaction between the aluminium surface and the inhibitor.
According to the mechanism of inhibition proposed by Bockris and Drazic, the inhibition of an organic inhibitor on the aluminium surface is due to formation of metal-inhibitor complex (Al− Inh) ads on the metal/solution interface.
Al Inh (Al Inh) ads
When the equilibrium of adsorption is reached, it is then possible to obtain expressions of the adsorption isotherm plots. Adsorption isotherms are very important in understanding the mechanism of organo-electrochemical reactions. The surface coverage (θ) values were tested graphically by fitting a suitable adsorption isotherm. The plot of θ versus logC for different concentration of thio-urea shows a straight line indicating that the adsorption of the compound on the composite surface follow Tomkins adsorption isotherm.
The applicability of Temkins adsorption isotherm verifies the assumption of monolayer adsorption on the uniform homogeneous surface of aluminium with an interaction in the adsorption layer.
Analysis of surface metal scanning electron microscope
SEM technique provides a pictorial representation of the surface. To understand the nature of the surface film in the presence and absence of inhibitors and the extent of corrosion products of aluminium, the SEM micrographs of the surface are examined [36, 37] . The image Fig.3 (a) denote the SEM micrographs of aluminium surface immersed in MSA indicate the surface is highly corroded. The image Fig 3(b) confirms that in the presence of 300 ppm of thio-urea, the rate of corrosion is suppressed, as it seen from the decrease in corroded areas. This is a result shows that the surface is covered by a thin layer of inhibitors which effectively controls the dissolution of aluminium metal from corrosion products. The above results are line with the interpretation made by [39, 40] 
Conclusion
The following conclusions can be drawn from the investigation.
The corrosion rate of aluminium in Methane Sulphonic
Acid is lesser than Sulphuric acid.
2. Thiourea showed good corrosion inhibition properties against corrosion in the MSA media.
3.
The inhibition efficiency decreased with increasing temperature as a result of higher desorption of the inhibitor from the aluminium surface and the efficiency increased when the concentration increased for all temperatures.
4. Adsorption of this inhibitor on the aluminium surface can be closely modeled to the Temkins adsorption isotherm.
5.
The negative values of Q ads shows that the inhibition efficiency decreases with increase in temperature 6. Thermodynamic data suggests physical adsorption for the inhibitor on aluminium surface.
7. The scanning electron microscope (SEM) images show the retarding of aluminium corrosion in acid solution by this inhibitor.
